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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this treuislation . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the ceramic-metal zygote characterized by being the ceramic-metal zygote with which the 
metal plate is joined to the ceramic sintered compact, for this ceramic sintered compact being the 
magnesia sintered compact or spinel-magnesia sintered compact whose average coefficient of thermal 
expansion is more than 9.5x1 0-6/degree C, and this metal plate consisting of copper, a copper alloy, 
aluminum, or the aluminium alloys. 

[Claim 2] Said metal is the ceramic-metal zygote which is copper or a copper alloy and was indicated by 
claim 1 characterized by joining said metal plate and said ceramic sintered compact through which 
junctional zone of the alloy layer containing an active metal, the congelation layer of the eutectic melt of 
copper and a copper acid ghost, or the compound layers of copper and the component of said ceramic 
sintered compact, 

[Claim 3] It is the ceramic-metal zygote indicated by claim 1 said whose ceramic sintered compact the 
circuit is formed in said some of metal plates [ at least ], and is the substrate or package for semi- 
conductor mounting. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the ceramic-metal zygote excellent in 
thermal shock resistance about a ceramic-metal zygote. 

[0002] 

[Description of the Prior Art] All electronic equipment has the remarkable inclination of a 
miniaturization and high-performance-izing, the semi-conductor used is also progressing in the direction 
of large electrification, high integration, and a modularization, and the high heat dissipation property is 
especially demanded of the semi-conductor mounting substrate high power IC and for power modules 
until a computer and communication equipment resuh [ fi-om an industrial device ] in home electronics 
firom the first in recent years. Stripping of the heat energy is carried out, and as the radiator as cooling 
components which control a temperature rise, and a heat sink, there are metals, such as ceramics, such as 
an alumina, beryllia, alumimium nitride, silicon carbide, cubic boron nitride, and a diamond, and 
aluminum, an aluminium alloy, copper, a copper alloy, a tungsten, molybdenum, conventionally, and it 
is chosen according to the purpose, or is combined and used. Especially, since it excels in thermal 
conductivity and electric insulation and excels also in the mechanical property, as an ingredient which 
combines high heat dissipation nature and high insulation, an alumina and alumimium nitride join circuit 
plates, such as copper and aluminum, firom the former, and are used as a ceramic substrate. Since 
especially copper is high temperature conduction and low resistance, and it corresponds to large power, 
let it be an indispensable thing. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the coefficient of thermal expansion of metals, 
such as copper and aluminum, is as large as more than 16xl0-6/degree C to the coefficient of thermal 
expansion of the common ceramic sintered compact containing the above-mentioned alumina and 
alumimium nitride being about 3-9x1 0-6/degree C. Therefore, when these ceramic sintered compact and 
a metal are joined, the big thermal stress resulting fi'om the difference of coefficient of thermal 
expansion occurs during cooling of a junction process, neither exfoliation of a metal plate nor the crack 
of a ceramic sintered compact arises, or in a zygote, residual stress arises and sufficient reinforcement is 
not obtained. Moreover, when these zygotes are used under the thermo-cycle environment where a 
surroimding temperature change and a surroimding repeat thermal shock are added, the thermal stress 
which originates in the difference of coefficient of thermal expansion, and is generated — the interior of 
a ceramic sintered compact ~ a crack ~ generating - that bond strength, airtightness, and electric 
insulation fall **** - just ~ being alike, while exfoliation arises between a metal plate and a ceramic 
sintered compact Since there was a fault, like a ceramic sintered compact results in breakage, there was 
a problem that it could not be used as reliable components. For example, in the case of the conventional 
heat sink which joined copper foil with a thickness of 0.3mm to both sides of a 50x30x0.63 5mm 
alimiina substrate, in the thermo cycle test which repeats -40 degree C and 30-minute maintenance, and 
150 degree C and 30-minute maintenance, it abnost results in breakage in 50 thru/or 200 cycle extent. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/5/2006 



JP,07-048180,A [DETAILED DESCRIPTION] 



Page 2 of 10 



For this reason, the above-mentioned heat sink was inapplicable to the field as which high-reliability for 
which the high thermal shock resistance of at least 1000 or more cycles is needed is required. 
[0004] Moreover, coefficient of thermal expansion was less than [ an alimiina equivalent extent, or it ], 
and each of aforementioned aluminas and ceramic heat sink material other than alumimium nitride also 
had the large difference with the coefficient of thermal expansion of copper and aluminum, and had the 
problem that it was inferior to thermal shock resistance like the case of the heat sink which joined an 
above-mentioned alumina and copper, also in the zygote with ceramic heat sink material, copper, or 
aluminum which is used conventionally [ these ]. 

[0005] Then, although the approach of inserting the shock absorbing material which has both middle 
coefficient of thermal expansion in the junction interface of a ceramic sintered compact and a metal, the 
shock absorbing material which is rich in the malleability which absorbs thermal stress which is 
indicated by JP,56-41879,A by plastic deformation is perfomied There is a problem that the thermal 
stress resulting fi'om it arises since the difference of a considerable coefficient of thermal expansion is 
also between shock absorbing material and a ceramic sintered compact by the former approach. By the 
latter approach When the thermal stress to generate was very large, there was a problem that stress could 
not fiiUy absorb, in the plastic deformation of shock absorbing material. 

[0006] It succeeds in this invention against the backgroimd of the above situation, and the purpose is in 
providing the bottom of the thermo-cycle environment where a thermal shock which repeats heating and 
cooUng between a temperature change especially low temperature (for example, about -50—40 degree 
C), and an elevated temperature (for example, about +150 degrees C) over a long period of time is added 
with a ceramic sintered compact and the ceramic-metal zygote which can ease suitably problems, such 
as exfoliation of a metal and a crack of a ceramic sintered compact. 
[0007] 

[Means for Solving the Problem] In order to attain this purpose, the place made into the summary of this 
invention is a ceramic-metal zygote with which the metal plate is joined to the ceramic sintered 
compact, the ceramic sintered compact is the magnesia sintered compact or spinel-magnesia sintered 
compact whose average coefficient of thermal expansion is more than 9.5xl0-6/degree C, and this metal 
plate is characterized by consisting of copper, a copper alloy, aluminum, or the alummium alloys. 
[0008] 

[Function and Effect(s) of the Invention] If it does in this way, since the magnesia sintered compact and 
spinel-magnesia sintered compact whose coefficient of thermal expansion is more than 9.5x1 0-6/degree 
C comparatively greatly as a ceramic sintered compact are used, the difference of coefficient of thermal 
expansion with the metal plate joined becomes small. Therefore, while the residual stress at the time of 
joining is reduced, the thermal stress generated under the thermo-cycle environment where a 
temperature change is large and where a thermal shock which repeats heating and cooling over a long 
period of time especially is added is reduced sharply, exfoliation with a ceramic sintered compact and a 
metal plate and generating of the crack of a ceramic sintered compact are eased suitably, and the 
ceramic-metal zygote excellent in endurance and dependability is obtained. Moreover, since it is used 
for the metal plate any of the copper of high temperature conductivity, a copper alloy, aluminum, and an 
aluminium alloy they are, high heat dissipation nature is obtained and the ceramic-metal zygote which 
was fiirther excellent in endurance and dependability is obtained. For example, in the aforementioned 
dimension configuration of 50x30x0.635mm, it has at least 10 or more times, i.e., the heat-resistant 
cycle property of 500 or more cycles, as compared with the case where a copper plate is joined to a 
conventional alumina or a conventional alumimium nitride substrate. 

[0009] Moreover, suitably, said metal plate is copper or a copper alloy, and the metal plate and said 
ceramic sintered compact are joined through which junctional zone of the alloy layer containing an 
active metal, the congelation layer of the eutectic melt of copper and a copper acid ghost, or the 
compound layers of copper and the component of said ceramic sintered compact. A metal plate, a 
junctional zone and a ceramic sintered compact, and a junctional zone are joined firmly, respectively, 
and, as for such a ceramic-metal zygote, high bonding strength is obtained. 

[0010] Moreover, suitably, the circuit is formed in said some of metal plates [ at least ], and said ceramic 
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sintered compact is the substrate or package for semi-conductor mounting. When such a ceramic-metal 
zygote is used for a power semi-conductor module etc. Since the copper which there is no generating of 
exfoliation, a crack, etc. and is used for the metal plate, a copper alloy, aluminum, and an aluminium 
alloy are also low resistance also when a temperature change arises while stripping of the heat generated 
with a semi-conductor, electronic parts, etc. is carried out suitably, It is suitable as the substrate of which 
high-reliability is required as a hi^ current and an object for large power circuits, or a package, and 
may be used for a power transistor module, a microwave transistor module, a power hybrid IC substrate, 
etc. 
[0011] 

[Example] Below, one example of this invention is explained with reference to a drawing. 
[0012] The vehicle which uses ethyl cellulose and a terpineol as a principal component at the silver- 
copper system mixing powder containing the active metal of a presentation of Table 1 is added and 
mixed, for example, it kneads by 3 roll mills, and they are the mixed powder pastes P1-P13. It produced. 
Moreover, silver-copper system alloy foils H1-H13 which contain the active metal of a presentation of 
Table 1 separately (50 micrometers in thickness) It prepared. 
[0013] 

[Table 1] 



No. 


<t ^ m. ^ (Sfi96) 


Ag 


Cu 


Ti 


Sn 


N i 


Zr 


I n 


1 


68.6 


26.7 


4.7 










. 2 


72.0 


27.5 


0.5 










3 


71.6 


27.9 


0.5 










4 


72.0 


26.0 


2.0 










5 


70.6 


27.4 


2.0 










6 


72.0 


24.0 


40 










7 


69.1 


26.9 


4.0 










8 


67.7 


26.3 


6.0 










9 


66.2 


25.8 


8.0 










i 0 


60.0 


28.0 


2.0 


10.0 








1 1 


61.5 


22.0 


2.0 








14.5 


1 2 


72.0 


24.0 


2.0 




2.0 






1 3 


72.0 


26.0 








2.0 





[0014] Next, the ceramic substrate (magnesia substrate) 10 of No.l-No.8 which adds sintering acid to 
the magnesium dust which pyrolyzes a magnesium compound (for example, magnesium salt, such as a 
magnesium hydroxide and basic magnesium carbonate), and is obtained if needed, and sinters to it at 
predetermined temperature (for example, 1200 thru/or 1850 degrees C) after pressing, for example, is 
shown in it in the table 2 with a dimension of 50x33x0.6mm, for example was obtained. Mixed powder 
pastes PI -PI 3 of the above [ both sides / of this ceramic substrate 10 ] It dried at 130 degrees C after 
printing with the thickness of about 20 micrometers, and the printing substrate 14 as shown in 104 sorts 
of drawing 1 by which the printing layer 12 was formed in both sides was obtained. The predetermined 
circuit pattern typically shown in drawing 1 is formed in one field (top face in drawing 1 ) of this 
printing substrate 14. Next, it is these printing substrate 14 N2 It degreases at 600 degrees C under an 
ambient atmosphere. 300 micrometers in thickness and a 350-micrometer oxygen-free-copper plate are 
laid on the printing layer 12 of both sides of the printing substrate 14, respectively. A spacer is minded. 
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for example, it is 2 0.3g/mm. The ceramic junction substrate 20 to which the copper plate 18 was joined 
by both sides of the ceramic substrate 10 as applied a load, for example, heat-treated for 15 minutes at 
850 degrees C among the vacuum of 5xlO-5torr and shown in drawing 2 through the alloy layer 16 was 
obtained. In addition, in this example, an alloy layer 16 is equivalent to a junctional zone. 
[0015] 
[Table 2] 



No 




a) 


1^^ 

(k|/ 


(xlO-« 

/•c) 


(cal/cni 
•sec*'C) 






1 




99 9 






99.5 


32 


14.3 


0.135 


2 


MgO 


99.0 






98.0 


21 


13.8 


0.118 


s 


UgO 


99.0 


Y2O3 


5.0 


99.5 


30 


13.5 


0.115 


4 


MgO 


99.0 


ZrOi 


1.0 


99.2 


35 


13.5 


0.100 


5 


MgO 


97.0 


ZrOt 


3.0 


99.3 


39 


13.0 


0.090 


6 


MgO 


99.9 


SiO, 


0. 05 


99.7 


30 


13.9 


0.150 


7 


MgO 


99.0 


SiOj 


0.9 


99.0 


25 


13.6 


0.142 


8 


MgO 


98.5 


SiOi 


1.0 


97,5 


20 


13.3 


0.095 


9 


AI2O3 


96.0 


CaO.HgaSiOz 


99.0 


39 


8.1 


0.050 


1 0 


AIN 


97.0 


YzOi 


99.5 


41 


5.3 


0.430 



[0016] Moreover, they are said alloy foils H1-H13 to both sides of the ceramic substrate 10 of No.l- 
No.8 shown in the special above-mentioned table 2. It cuts and lays in a predetermined configuration. 
Furthermore, an oxygen-free-copper plate with a thickness of 300 micrometers is laid on this alloy foil, 
and a spacer is minded, for example, it is 2 0,3g/mm. It heat-treats for 15 minutes at 850 degrees C 
among the vacuum of 5xl0-5torr, applying a load. The above-mentioned mixed powder pastes P1-P13 
The ceramic junction substrate 20 to which the copper plate 18 was joined by both sides of the ceramic 
substrate 10 as shown in drawing 2 through the alloy layer 16 like the case where it uses was obtained. 
[0017] Moreover, said ceramic substrate, the alumina substrate of No.9 of the said dimension and a 
configuration, and the alumimium nitride substrate of No. 10 are prepared separately, and it is the mixed 
powder PI -PI 3 like the above. And alloy foils HI -HI 3 It used and the copper-alumina junction 
substrate and the copper-alumimium nitride junction substrate were produced as an example of a 
comparison, respectively. 

[0018] When the bonding strength of these obtained ceramic junction substrates 20 and a copper- 
alumina junction substrate, and a copper-alumimium nitride junction substrate was measured by the Peel 
strength test, any sample was 10 or more kg/cm. In addition, the Peel strength test joins a **** terminal 
to a junction substrate, tears off a copper plate with a tension tester in the 90-degree direction to a 
ceramic substrate, and measures and searches for the load at the time of separating. 
[0019] Next, in order to evaluate the thermal shock resistance of the ceramic junction substrate 20 and a 
copper-alumina junction substrate, and a copper-alumimium nitride junction substrate, by the spaUing 
test inside of a plane, it heated at 150 degrees C after 30-minute maintenance at -50 degrees C, and the 
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trial which makes 1 cycle a series of processes held for 30 minutes was repeated, and was performed. In 
addition, temperature control was performed very promptly by sending in cold or heat in a testing 
machine. Consequently, as for the ceramic junction substrate 20 (namely, junction substrate using the 
magnesia substrate of No.l-No.8 of Table 2), 2000 cycles after was accepted by neither, as for 
generating of a crack and exfoliation. On the other hand, No.9 and No. 10 which are the example of a 
comparison which examined to coincidence While the crack generated any sample after 100 thru/or 150 
cycles, and 50 thru/or 100 cycles at the ceramic side, respectively, as for the copper-alumina junction 
substrate and the copper-alumimixmi nitride junction substrate, the copper plate exfoliated. From the 
above trial, while the ceramic junction substrate 20 of this example had high bonding strength, having 
the high thermal shock resistance of 10 times or more over the past was checked. 
[0020] That is, since the magnesia sintered compact with a comparatively big coefficient of thermal 
expansion as a ceramic substrate 10 is used, the ceramic junction substrate 20 of this example has the 
small difference of coefficient of thermal expansion with the joined copper plate 18. Therefore, also 
when a temperature change arises, the thermal stress which originates in the difference of coefficient of 
thermal expansion, and is generated is comparatively small, and high endurance is shown as compared 
with the junction substrate with which a conventional alumina substrate and a conventional alumimium 
nitride substrate were used. 

[0021] Moreover, it is transmitted suitably [ the heat generated in the ceramic substrate 10 side when it 
excelled in heat dissipation nature comparatively since thermal conductivity is comparatively larger than 
an alumina as a magnesia sintered compact is shown in Table 2, and used for a heat sink etc. ] fi'om a 
metal plate 18, i.e., copper plate, side, stripping is carried out suitably jfrom a metal plate side, and a 
much more reliable ceramic-metal zygote is obtained. 

[0022] Moreover, since high temperature conductivity and the copper plate 18 of low resistance are used 
as a metal body and the circuit is formed in the copper plate 18 of one field, while excelling in heat 
dissipation nature, it can respond to a high current, and a ceramic-metal zygote reliable also as an object 
for large power circuits is obtained. 

[0023] Moreover, since a ceramic substrate 10 and a copper plate 18 are joined through the silver-copper 
system alloy layer containing an active metal, an active metal is spread near the interface of a ceramic 
substrate 10 and a copper plate 18 at the time of heat-treatment, and still higher bonding strength is 
obtained. 

[0024] Moreover, since the oxygen-fi-ee-copper plate is used as a metal plate to join, the wettabiUty of a 
copper plate and an alloy layer is good, and since there is no fall of the activity of the active metal 
resulting from the reaction of the active metal in a junctional zone and the oxygen in a copper plate, the 
firm zygote of a copper plate and a ceramic sintered compact is obtained. 
[0025] Moreover, since the copper plate 18 of **** thiclaiess is joined by both sides of a ceramic 
substrate 10, also when the thermal stress resulting from a temperature change occurs, the thermal stress 
generated by both sides is offset, and the ceramic jimction substrate 20 with still higher endurance is 
obtained. 

[0026] In addition, since the ceramic jimction substrate 20 of this example is made into the structure 
where thermal stress is reduced as mentioned above, it can shorten the cooldown delay at the time of 
said heat-treatment as compared with the conventional junction substrate. Therefore, while a production 
process is shortened, control of heat-treatment becomes easy, and it succeeds in low cost-ization. In 
addition, when said spalling test machine estimated the ceramic junction substrate 20 which took the 
cooling rate (namely, rate which the crack of exfoliation or an alimiina substrate will produce if it is a 
copper-alumina junction substrate) very earlier than before, having the thermal shock resistance of 1000 
or more cycles was checked. 

[0027] Next, other examples of this invention are explained. 

[0028] 13 kinds of paste P14 -P26 which contains W or Mo to silver-copper system mixing powder like 
said 1st example after adding the refractory metal powder (for example, tungsten (W) powder, 
molybdenum (Mo) powder, or these mixed powder) of interior weight [ of 20 ] % to the silver-copper 
system mixing powder containing the active metal of a presentation of Table 1 It produced. 
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[0029] Next, it is above-mentioned paste P14 -P26 to substrate 10 both sides like the 1st example using 
the magnesia substrate of No.l-No,8 of Table 2. Print and the oxygen-free-copper plate after cleaning is 
laid. The ceramic-metal junction substrate 20 to which the copper plate 18 was joined by both sides of 
the ceramic substrate 10 as heated for 15 minutes at 850 degrees C among the vacuum of lxlO-5torr and 
shown in dravsdng 2 was obtained. Each Peel reinforcement of the obtained junction substrate 20 was 10 
or more kg/cm. When thermal shock resistance was evaluated like [ this junction substrate 20 ] the 1st 
example, as for the crack of a ceramic substrate 10, or exfoliation of a copper plate 18, neither was 
accepted after 2000 cycles. 

[0030] Also in this example, the coefificient-of-thermal-expansion difference of a ceramic substrate 10 
and a copper plate 18 as well as the 1st above-mentioned example is small, since the thermal stress to 
generate is eased, it has high thermal shock resistance and the ceramic-metal zygote of high 
dependability is obtained. Moreover, in this example, since the ceramic substrate 10 and tiie copper plate 
18 are joined to silver-copper system mixing powder through the alloy layer which refractory metal 
powder contained, coefficient of thermal expansion of an alloy layer is made small with a refractory 
metal, and the thermal stress resulting from the difference of the coefficient of thermal expansion of a 
ceramic substrate 10 and a copper plate 18 is reduced fiirther, it excels in thermal shock resistance 
fiirther, and the ceramic-metal zygote which has high dependability is obtained. 
[0031] Next, the example of fiirtfier others of this invention is explained. 

[0032] For example, were obtained by mixing and carrying out pressing of magnesia powder and the 
spinel powder at a predetermined rate. No.l 1 -No. 16 shown in the table 3 with a dimension of 
50x33x0.6mm They are said mixed powder pastes PI -PI 3 like the 1st example except having used the 
spinel-magnesia substrate (sintered compact). And alloy foils H1-H13 (50 micrometers in thickness) It 
uses. The ceramic jimction substrate (spinel-magnesia system junction substrate) 20 to which the 
oxygen-free-copper plate was joined by substrate both sides as shown in drawing 2 was obtained. 
Moreover, the copper-spinel junction substrate was produced similarly, using the spinel substrate of 
No. 17 as an example of a comparison. When the Peel reinforcement of these obtained ceramic junction 
substrates 20 and a copper-spinel junction substrate was measured, all showed the value of 10 or more 
kg/cm. 
[0033] 

[Table 3] 



No. 




m 


m 


i 




MgO 
(wtX) 


AhOa 

M) 


MeOMlaOs 

m(%) 


(%) 


tmr) 


(xio-* 
ro 


(cal/cm 
•sec-'C) 


1 1 


50 


50 


99.5 


99.2 


44 


9.6 


0.045 


I 2 


65 


35 


99.5 


99.5 


45 


11.1 


0.072 


1 3 


80 


20 


99.5 


99.5 


40 


12.5 


0.099 


1 4 


90 


10 


99.9 


99.5 


35 


13.4 


0.117 


1 5 


95 


5 


99.9 


99.5 


34 


13.8 


0.125 


I 6 


97 


3 


99.9 


99.5 


34 


14.2 


0.130 


1 7 


28 . 


72 


99.5 


99.5 


32 


7.6 


0.035 



[0034] Next, in the above-mentioned ceramic jvmction substrate 20 and the copper-spinel junction 
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substrate, when thermal shock resistance was evaluated like the 1st example, the crack of a ceramic 
substrate 10 and exfoliation of a copper plate 18 were accepted for the ceramic junction substrate 20 by 
neither after 1000 cycles. On the other hand, No. 17 with a coefficient of thermal expansion of the 
example of a comparison as low as 7.6x10-6 ExfoUation of a copper plate 18 produced the copper-spinel 
junction substrate using the substrate of a presentation while the crack occurred in the substrate after 200 
cycles. 

[0035] That is, also in this example, like the 1st example, since the difference of the coefficient of 
thermal expansion of a ceramic substrate 10 and a copper plate 18 is small, the thermal stress generated 
when a temperature change arises is reduced, and the ceramic junction substrate 20 shows high thermal 
shock resistance and endurance. 

[0036] Moreover, in this example, since the ceramic sintered compact with which the spinel was mixed 
by the magnesia is used as a substrate, damage on the substrate by digestion of a magnesia sintered 
compact is controlled, and still higher endurance and dependability are acquired. This is considered 
because the crystal front face of a magnesia is protected when a spinel is distributed by the grain 
boundary of a magnesia. 

[0037] Next, the example of further others of this invention is explained. 

[0038] No.l-No.8 of the table 2 with a dimension of 50x33x0.6mm (magnesia sintered compact), No.l 1 
of Table 3 As opposed to the ceramic substrate 10 of -No. 16 (spinel-magnesia sintered compact) Tough 
pitch electrolytic copper foil (300 micrometers in thickness, 350 micrometers) is laid in an inferior 
surface of tongue on a substrate, and it is N2. Heat-treat for 5 minutes, it was made to join at the 
temperature of about 1075 degrees C among an ambient atmosphere, and the ceramic junction substrate 
20 as shown in drawing 2 was obtained. Moreover, the alumina substrate of No.9 and No. 10 An 
alumimium nitride substrate and No. 17 The copper-alumina junction substrate, the copper-alumimium 
nitride junction substrate, and the copper-spinel junction substrate were similarly obtained using the 
spinel substrate, when the Peel reinforcement of these profit **** junction substrate was measured, all 
showed the value of 10 or more kg/cm. 

[0039] Next, these ceramic junction substrate 20, a copper-alumina junction substrate, a copper- 
alumimium nitride junction substrate, The place which evaluated thermal shock resistance for the 
copper-spinel junction substrate like the 1st example. The crack of a ceramic substrate 10 and 
exfoliation of a copper plate 18 were accepted for the ceramic jimction substrate 20 (namely, the 
magnesia junction substrate of No.l-No.8 and the spinel-magnesia junction substrate of No.l 1 -No. 16) 
by neither after 1000 cycles. On the other hand, the copper-alxmiina junction substrate of No.9 and 
No. 10 which are an example of a comparison A copper-alumimium nitride junction substrate and No. 17 
While the crack generated the copper-spinel junction substrate after 150, 100, and 150 cycles at the 
ceramic substrate side, respectively, the copper plate exfoliated. 

[0040] That is, also in this invention, like tiie 1st example, since the difference of the coefficient of 
thermal expansion of a ceramic substrate 10 and a copper plate 18 is small, the thermal stress generated 
when a temperature change arises is reduced, and hi^ thermal shock resistance and endurance are 
shown. 

[0041] In addition, in this example, the copper plate 18 is joined with an eutectic reaction with a ceramic 
substrate 10, or compounds (a principal component, sintering acid, glass morphogenetic substance, etc.) 
with the component of a ceramic substrate 10, and the congelation or said compound of eutectic melt is 
generated by the junctional zone. 

[0042] Next, the example of further others of this invention is explained. 

[0043] No.l-No.8 and No.l 1 -No.16 of the table 2 with a dimension of 50x33x0.6mm and Table 3 As 
opposed to a ceramic substrate 10 An aluminum plate (300 micrometers in thickness) is laid in the 
vertical side of a substrate through aluminum-silicon wax material with a thickness of 50 micrometers. 
A spacer is minded, for example, it is 2 0.3g/mm. The ceramic junction substrate 20 to which the 
aluminum plate was joined by both sides as it heat-treated for 15 minutes at the temperature of 610 
degrees C among the vacuum of 10-5torr, applying a load and was shown in drawing 2 was obtained. To 
coincidence, it is No.9, No. 10, and No. 17. The alumina substrate, the alumimium nitride substrate, and 
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the spinel substrate were processed similarly, and the alximinum-alximina junction substrate, the 
aluminum-alumimium nitride junction substrate, and the aluminum-spinel junction substrate were 
obtained, when the Peel reinforcement of these profit **** junction substrate was measured, all were 8 
or more kg/cm. 

[0044] Next, in these junction substrates, when the same approach as the 1st example estimated thermal 
shock resistance, the crack of a ceramic substrate 10 and exfoliation of an aluminum plate 18 were 
accepted for the ceramic junction substrate 20 (namely, the magnesia junction substrate of No.l-No.8 
and the spinel-magnesia junction substrate of No. 1 1 -No. 16) by neither after 1000 cycles. On the other 
hand, the aluminum-alumina jimction substrate of No.9 and No. 10 which are an example of a 
comparison An alimiinum-alxmiimium nitride junction substrate and No. 17 While the crack generated 
the aluminum-spinel junction substrate after 150, 100, and 150 cycles at the ceramic substrate side, 
respectively, the aluminum plate exfoliated. 

[0045] That is, also in this example, like the 1st example, since the difference of the coefficient of 
thermal expansion of a ceramic substrate 10 and an aluminum plate 18 is made smaller than before, the 
thermal stress generated when a temperature change arises is reduced, and the ceramic junction substrate 
20 shows high thermal shock resistance and endurance. 

[0046] Drawmg 3 is drawing in which the aforementioned ceramic junction substrate 20 which is one 
example of this invention shows typically the example applied to the power semi-conductor module 22. 
The semiconductor device 24 is joined through the solder layer 26 to some copper plates 18 joined by 
one field of the ceramic junction substrate 20 by having a circuit pattern. Moreover, the semiconductor 
device 24 is connected to other parts of a copper plate 18 by wiring 28. As the above-mentioned 
example explained, the copper plate 18 as a heat sink is joined to the field where the above-mentioned 
semiconductor device 24 of a ceramic substrate 10 is joined by the field of the opposite side (refer to 
drawing 2 ), and the ceramic junction substrate 20 used for this power semi-conductor module 22 has 
the thermal shock resistance which stripping of the heat generated in the semiconductor device 24 was 
suitably carried out, and was excellent, endurance, and dependability. In addition, in this example, an 
alloy layer 16 omits and is shown. 

[0047] Drawing 4 is a sectional view in which said ceramic junction substrate 20 shows typically the 
example applied to other power semi-conductor modules 30. Since the near structure of the field where 
the semiconductor device 24 is joined to the ceramic substrate 10 is the same as the above-mentioned 
power semi-conductor module 22 and an outline, explanation is omitted. A copper plate 18 is joined 
tiirough an alloy layer 16 by the field of the opposite side of a ceramic substrate 10, and the heat sink 32 
is fiirther joined through the solder layer 34. Therefore, stripping of the heat generated in the 
semiconductor device 24 much more efficiently as compared with the above-mentioned power semi- 
conductor module 22 is carried out. In addition, in order to raise heat dissipation effectiveness to a heat 
sink 32 fiirther, many fins 36 are formed in the opposite side of the solder layer 34, and surface area is 
enlarged. Moreover, in this example, a copper plate 18 forms a part of circuit not as a heat sink but as a 
conductor, and is used. 

[0048] As mentioned above, although one example of this invention was explained to the detail, mode 
with still more nearly another this invention is also carried out. 

[0049] The configuration of a magnesia sintered compact and a spinel-magnesia sintered compact is 
made to the thing according to cylindrical ****** besides [ example ] tabular, and, as for the shaping 
approach of a powder-molding object, a doctor blade method, powder compression moulding technique, 
an injection-molding method, etc. are chosen according to an application or a configuration. 
[0050] Moreover, the process of a magnesium sintered compact is good also by adding sintering acid if 
needed and calcinating after fabricating in a predetermined configuration using the high grade 
magnesium dust obtained by not being restricted to what was shown in the example, for example, 
burning the metal magnesium of a high grade in the oxygen air current of a high grade (vapor phase 
oxidation). If it does in this way, the magnesium sintered compact of a high grade will be obtained 
fiirther. It is few, and condensation is excellent in a degree of sintering, and the above-mentioned 
magnesium dust has it. [ especially desirable ] 
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[0051] Moreover, the process of a spinel-magnesia sintered compact is not restricted to what was shown 
in the example, for example, may do shaping and baking of the mixture of a magnesia compound and a 
spinel compoimd using the spinel-magnesia powder pyrolyzed and obtained. In addition, the synthetic 
approach of spinel-magnesia mixing powder or spinel powder is mentioned as an approach that the 
approach (coprecipitation method) of mixing magnesium salt and an aluminum salt so that it may 
become a spinel-magnesia mixing presentation or a spinel presentation, and obtaining a coprecipitate, a 
freeze drying method, evaporative decomposition, the alkoxide method, an underwater spark discharge 
method, etc. are desirable. 

[0052] Even if sintering acid and an accessory constituent contain in 20 or less % of the weight of the 
range, it does not interfere with a magnesia sintered compact and a spinel-magnesia sintered compact, 
however, the property of a sintered compact — coefficient of thermal expansion — more than 9.5x10- 
6/degree C - it is preferably desirable, in order that more than 12.5xl0-6/degree C may reduce thermal 
stress and it may acquire high endurance and dependabiUty still more preferably, more than 11x10- 
6/degree C and. That is, a heat-resistant cycle property improves by bringing close to the coefficient of 
thermal expansion of the metal body to join as much as possible. Moreover, it is preferably desirable 
[ thermal conductivity ] still more preferably fi'om the field of heat dissipation nature that they are more 
than 0.09 cal/cm-sec and ** more than 0.07 cal/cm-sec and ** more than 0.04 cal/cm-sec and **. 
[0053] Moreover, the flexural strength of a magnesia sintered compact and a spinel-magnesia sintered 
compact is 2 15 kgfi^mm. It is required to be above. 15kgC^mm2 It becomes what has thermal shock 
resistance with the inadequate following. It is 2 20 kgf(s)/mm preferably. It is 2 25 kgf(s)/mm still more 
preferably above. It is desirable that it is above. Thermal shock resistance is the fimction of flexural 
strength, and still higher thermal shock resistance is obtained by making flexural strength still higher. 
[0054] Moreover, as for a magnesia sintered compact and a spinel-magnesia sintered compact, it is 
desirable that relative density is 95 less than 5%% or more, i.e., porosity. It is because an open pore will 
increase, it will have absorptivity and the water resisting property (namely, slaking resistance or 
hydration-proof) of a sintered compact will fall, while a mechanical strength falls if porosity becomes 
high. The relative density of a sintered compact is still more preferably [ 99% or more (less than 1% of 
namely, porosity) of] good preferably 97.5% or more (less than 2.5% of namely, porosity), it excels 
also in a water resisting property, and the water absorption which is equivalent to the rate of an open 
pore in this case serves as 0% of abbreviation, and thermal conductivity also serves as [ a mechanical 
strength is also high and ] a high value. 

[0055] Since it is desirable for thermal conductivity to be more than 0.3 cal/cm-sec and ** as for the 
copper and the copper alloy which are used for a metal plate, aluminum, and especially an aluminium 
alloy, and such a metal plate has high thermal conductivity and conductivity is high, when the same 
configuration also compares with other metals, it is possible to pass a comparatively big current. For this 
reason, as a circuit plate which passes a fixed current, there is an advantage that thickness of a metallic 
circuit plate can be made thin, as compared with other metals. The copper of a single component and 
aluminum are desirable especially at the point that thermal conductivity and conductivity are high. As 
copper, generally it is 99.9% or more of copper purity, and oxygen firee copper, tough pitch copper, 
phosphoric-acid copper, etc. are mentioned, and it is desirable. 

[0056] A temperature requirement (800 degrees C thru/or about 1000 degrees C) may be made to heat- 
treat and join the junction approach of a magnesia sintered compact or a spinel-magnesia sintered 
compact, and a metal plate through the wax material containing an active metal when a metal plate was 
copper or a copper alloy plate, as not restricted to the approach shown in the example, for example, 
shown in Table 1 in the vacuimi of 10 to 4 or more torrs, or inert gas. Or it is possible to also make it 
join by contacting the copperplate which oxidized oxygen beforehand in 100 thru/or the copper plate 
contained about 3000 ppm to a magnesia sintered compact or a spinel-magnesia sintered compact, and 
heat-treating it in 1000 in an inert gas ambient atmosphere thru/or a 1 100-degree C temperature 
requirement. In this case, as the above-mentioned example also explained, the compound of copper, the 
congelation of the eutectic melt of a copper acid ghost and copper, and the component of a ceramic 
sintered compact is formed into a jxmctional zone, and is joined through this. Moreover, what is 
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necessary is just to heat in 550-650 degrees C, when a metal plate is aluminum or an aluminium alloy, 
and using an aluminum-silicon system alloy as wax material and joining. 

[0057] Moreover, when joining through the silver-copper system alloy containing an active metal, as an 
active metal to contain, Ti is the most desirable, and the content has 2 - 8 desirable % of the weight. In 
being too few, distributing [ of the active metal in a jimction interface ] becomes inadequate, bonding 
strength falls, in many [ too ], a ceramic sintered compact side corrodes too much, and bonding strength 
falls too. Moreover, from the field of thermal shock resistance, especially about 2 - 6 % of the weight is 
desirable. 

[0058] In addition, although instantiation is not carried out one by one, this invention can add 
modification variously in the range which does not deviate from the main point. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 4] 
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[0 0 3 5] t*t>-^. *IIMiJ(Cfcl^Tts -t^^-y 
[0 0 3 6] S/c. *^»iJtCfcV^T{i. -^f^iyTK 

[00 3 7] i^lC^^B^OStffiOllJi^lJ^iJl^tSo 
[0 0 3 8] 5 0X3 3X0. 6mm<D\l'S0^2«N 
o.l~No.8 (V^'^si/7^SSI*) . S30No.ll -No. 16 
(Xe:twU-T^":?.>'7^*gi*) 0)-b7 5 7 i'Ste 1 

3 50/tm) ^S«<D±> Tffit^llU N2 HHM* 

1^1 0 7 5°c©fig-e55^H)!jnMiurg^^?-&. 0 

2tC/T^-r<fc^^-tr7 57^S^S1S2 0^#/c:o Sfc, 
No.9(D7;l/5tS«^ No. 10 Og{l:7;l/5-'j7/:>S«*3 

<fcyNo.l7 (D7.lf:?-;US1g^ffll\ |Rl1i{CLT^-7;l' 

stjs^m ji-gfb7;i/5-'>A^^m 
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;VS»S*iteL/ci:c:5> 1 0 k g/cmW±<D 
[oo3 9];^fc, i:ne.-t55'y^g^^siS2 0, ffi 

-7;l/S:^^^Sfc ^-l{l:7;l/5x'>Ag^^«fi. 

No. l~No. 8©v^^>>^7S^S«fc ckO'No. 11 -No. 16 
<DXlf^yl/-V^t.i/7S^S«) Nntl 00 0 

ffil 8<DiiM(iigJ6P)n^A^ofco \m.m 

t'$§No.9tD^-7;V5-:>-jg^SS^ No. 10 CD^-Iffc 
7;P5^':;AS^S«, No. 17 ©ffl-xtr^;l'S^aiS 

a^n-€ni5o, ioo> \ 5 0'^^t>)Vik\c-ty^ 
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[0 0 4 0] t*t>-&. *^B^{C*5V^Tfe. ^l^SSf^iJ 

tmic. ■b7 5 7^Sffii Ot^Si 8i:oijli?I$ 

[0 0 4 1 ] *1b\ :*:^MiJt*5l^Ta. Sfe 1 8«-tr 
55 7 1 0 i©«B^BSf5^lHi-tr7 5 7 1 

40 oofi!t5^ (±^5^, ^^Kj?fii, iivmmn^) t<r> 
[0 0 4 2] :!kk. :mm<D^\ti!&(r)W^m^mmt 

[0 0 4 3] 50X3 3X0. 6mm«0^ffi<7)g2, ^ 
3 mo. 1-No. Sfc J;l>*No. 11 -No. 16 ©-t 7 5 7 ^'SIS 
lOtcWLs 5 0fim©7;l'5-'J'A-i"j3>5 

9«^^bT7;V5-'::7i:.S (if $ 3 0 0 Jim) ^StS 
C0±T®(C11L. X'^-- 9-^^LTl?i|K.tf0. 3g/ 
50 mm' (D^gfl;&*H^T 1 O" torrOXS't'6 1 0°C©a 
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tzo m^iC. No.9. No. 10 . No. 17 £D7;U$tm W. 

ji^:z<ym^m. 7jv^-^L-7.\i^-^mm^ 

[0 0 4 4] :kic. cn^mtmm i m^^itm 
^mm 2 0 (t^^^-^No. i~No. s<D-r^^iy7m-^m. 

fcJ:t>'No.ll -No. 16 <DX\^^-)l-^ir^-i/7i&'^M 
tS) It. Mnt 1 0 0 0-9--r^;Mgtcfcv^Tt-b7 57 

^sfei 0(D^y''j^'p7)i'S.-'yLm\ snmmm 

5r:'^7A-7;^5tgB•S«^ No. 10 (D7 )V^=-t^L,- 
Mb7;U5-t;Ag^^m No. 17 <D7)l^~^L,-7. 

e^-^i/S^ssti-f-n^n iso. loo. isoiti' 

fc, 7;l/ = -':7ASA^i)^Lfco 20 

^ig^s«2 0{i, f^immmtmK. ^y^y^m 

IS ] 0 i:7;l'5:i'i7A« 1 8 i:(;)»?i$oM*^!^*cfe 

[0 0 4 6] 03{i. *^BflO-||ffi|!«]T'fe^t(ifSO-b 
757^t^S«2 0*\ ^^u-miif-'ei/j.-)\^2 2 

^Sffi2 0cD-:^(7)ffl(i:!HisS/'^^-y^WbTi^$n so 

tzm 1 8(7)-g|5(Cti, ¥3Si*^? 2 4A^^Bal2 6^ 

/i-LTg^^^nri/^i.. $/c, i|i#i^ii^2 4a. mm 
28\cii<omu\ 8m(DmKmtnx\^^^o c<d 

/W-ifi^ftt v/'a-;!/ 2 2 tCfflV^P-nTV^-tr^ 5 7 
^S^S'tg2 0(i. M)S«^ffil5iJT'l!iB^b/c:J:^tC-t7 
^ 7 ^'SIS 1 0 ±ia¥«i*^? 2 4 A^jg^^tlTl^ 
5Efc{iSWiiJ(0SfCtttf^«ilLT<D^1fil 8^)^jg^ 

[0 0 4 7] I14{i:. Mta-b7 5'y^S^»1g2 0*\ 
WC^-r»iig0T'*5o -b V 5 7 i'StS i 0 icmm 

=F2 4m^t^nxi'm(Dm<Dmmii. ±3So/^7- 

tSo •b7 5-y:}'»«l 0(DS*f{|iJ<Dffi»Ctt. -^^ll 

e^^LT^isi 8*^jt^$n. stc. t-hi^y^s 
IBO/^7-ili^i**'>"a-;l/2 2{cl±«Jtr-®?cl]^J; 50 
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<mm^2 4X'mirzmmm-^ri^o ^j:^. t 

13 4 ©switch < C97 -< 3 6 A^iStt e>nTgffi» 

1 8 immmt LXX'Hrji < , Lxm^o^-m 
Bis.Lxm'^nx\^^^c 

[0 0 4 8] :^m(o-mmmmmmbrc 

[0 0 4 9] •^^'^-iy7mm. 7.\L%}\^--^'f%'y7 

'mmi^m.. mm\<^mm^. nmmmM:.^^ 

[0 0 5 0] ^tz. -^^^^iy^hmwrnmrnm 
X7fiLrzh(Dim'bnf. m^i^i. Mm&tD^m-?^'^ 

!itic^-Dxmnrzmm-^^^-^i/^mmM\'\ 
miciixxmmimmb. m^mmcmm 

[0 0 5 1] S/c, Xk:^>;l'-vif^s>'7^IS<*cO|!/S 

itmrnxmbtzi^com^nt. •^f%i^7 
it^m t X \^^)Ut^ t (oM^mm Lxmn 
rzx\i^-^)i--y^^-^iy7mm\''xm -mix^ 

i&fc. X\^^-~)l-'7^'^.iy7U^m^^\'Ht7.\£ 
^^)lli^^<D'^f&:fj'mi.s V i/ 7 AH i: 7 ;U ^ - A 
Jg t ^xif^;V-T^7^i/7ig^iS^^vHiX 

'xmmmmt ti^^mt Lxmf^^^o 

[0 0 5 2] ■7^^^'>7g|ie«:fcJ:CfXi;^;l/-vi^^. 

'y7'mw\at. 'mm\'^mmii'^2 om%wt© 
^mmmm'^ 9 . 5x10^ /'cj.x±, s^s l < a 

1 1 X 1 0" /°CW±. StjffSL<ai2. 5x10 

lB]±t§o S/c. ^{gjl^fiO. 0 4cal/cin-sec • "C 

» t b < a 0 . 0 7 cal/cm • sec • tW±, 
^!ffL<{iO. 0 9cal/ciii-sec 'X,\:X±.X'h^^tti'^ 

[0 0 5 3] t/c. -^^^■~iy7mWioi^XS7.\d^-^)\^- 
•^^'i(^i^7'mW<0Mm.mi.. 1 5 R g f /mm' J.;^ 
tX'tb^Z.t1i^mxth^o 15kgf/mm' mx 

mwmmm'^-m^i^ntts.^o ffsb<«2 0k 

g f/mm' l!tC§TSL<«2 5 kg f/mm' 
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[0 0 5 4] ^fcs ■7^'^-^i/7mBi¥tSj;:lSX\^^)V- 

mmum l < ti 9 ? . 5 %w± (t^b^, mi^ 

2. 5%^m . 1Elclfftb<li9 9°m± it^sh 10 

[0 0 5 5] ^muM'^bn^. 7;U5 

cal/cm-sec • °CW±-p$.^i:i:A^^f L<> iltOJ;^ 

^!5itt[HiMt bT«. im^mtimt. ^sasss 20 

If en. mL\^'i>(DX'h^o 
[0 0 5 6] vy*i/7^iKi*f /caxi^^^;i/-vi^^. 

L> 10" tonl^AKDn^f^&^^Wmio^^lCX 30 

8 0 0 °C7!)S 10 0 0 'cgjtosaiGHtiipMaur 

^^^■iiTtm^ giclHi, ^^^1 0071;S3 0 00 

^?Stt;^'XI?HM* 1 0 0 07!;11 10 0t<DS 
fiicffl-eAPlSJaai- § c {;: J; U g^^t-a-S c i: t Riei * 
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{i7 ;l/ 5 A^^iDtf . 7/1/ 5 - -i? A - J/ 'J 3 y 
^^^^5^*fiUTfflV>Tg^t§tt{4> 5 5 0- 
6 5 Ot©iEHT«tntfSv\ 
[0 0 5 7] $rc> rStt^l^tWtS^-^l^^^^ 

/i-LTS^t^Ji^ti. t^-^n^mmtix^tT 

mti^^mtrji-Dxm'^mm&TL. ^t^m-^ 
«a*MgTti.o s/c, 2-6 

[0 0 5 8] ^Offi. -f^mmiL-fi\^'ti\ *^B^(4^ 

[0ffl«i^*ijj^] 
(ommmmmt^mmxh^o 

[0 3 ] mm<D~mm^ y^y^ x-^mm^w 

[04] *^^©-||MiJO-tr7 5-y^X-^15t^<* 

mmx'^^o 

1 0 : ^y^y^mU 
1 6 : ^^1 (.m^S) 

1 8 -.mm (mw) 

ft) 
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